Abstract. Heavy metal contamination in river water and sediment is very well documented in numerous studies all over the world. This study focuses on the heavy metal contamination of the Palmiet River which is located in a small catchment near Durban, and is a tributary of the Umgeni River. Six sampling sites were chosen along the Palmiet River, before and after each land use, as well as two sites before and after the Umgeni River confluence. Water and sediment sampling was conducted seasonally and results were determined using Inductively Coupled Plasma Atomic Absorption Spectroscopy (ICP-AAS) for the metals: Al, As, B, Ca, Co, Cr, Cu, Fe, Mg, Mn, Mo, Ni, Pb, Se, Si, Sr, Ti, V and Zn. An enrichment factor equation was used as well as ANOVA for statistical evaluation. Results obtained showed high Ca, Mg, and Si concentrations in water, with significantly (p<0.05) higher concentrations in winter. Sediment analyses revealed that Fe, Al and Ca were the highest concentrations found, with higher levels in winter. The land use with the most influence on the metal concentrations was the industrial area of Pinetown, which displayed spikes of metal concentrations after its site, as well as the Palmiet Nature Reserve (PNR) which acted to purify the water and sediment. Se was the only metal found to be enriched in the soil, which does indicate some anthropogenic source.
INTRODUCTION
The water quality of rivers includes various physical, chemical and biological factors. One of the major factors contributing toward polluted rivers and subsequent water pollution is a lack of proper control and measures of these systems (Krantz and Kifferstein, 1996) . The prevalence or introduction of metals ions and complexes thereof, especially heavy metals can impact negatively on the pristine condition of a river. Metals occur naturally as part of the earth, however their presence at concentrations higher than naturally occurring levels is deemed to be potentially harmful and hazardous (Fergusson, 1990) . Many rivers servicing various land zones and industries may be subjected to accumulation of excessively high levels of anthropogenically derived heavy metals (Nadal et al., 2004) . As a consequence of their bioaccumulative nature, heavy metals are a major concern as their concentrations can increase across food chains which pose a threat to higher trophic level organisms (Kaushik et al., 2009) .
The presence of heavy metals is not only restricted to existence in water, sediment, plants, animals and humans, but are found in nearly all parts of the living and non-living environment (Biney et al., 1994) . The origins of heavy metals may be of either a natural or anthropogenic source. The natural existence of heavy metals is due to the production of specific types of rock in the earth"s crust (Rubin, 1974) . The most common anthropogenic sources of heavy metals include industry, agriculture, mining, urban areas, households, atmospheric pollution and oil and chemical spills (Biney et al., 1994) . All heavy metals in natural waters may exist in colloidal, particulate and dissolved forms. Heavy metals in the aquatic environment are quite persistent as they are not degradable, but are passed through different mediums, and enter different ecosystems and food chains. Thus, they cannot be destroyed, but continually move throughout the environment in different forms and in different ways (Kramer and Allen, 1988) .
The prevalence of metals in soils is predominantly due to their binding characteristics. They complex to soils by the following mechanisms: as adsorbed cations, attachment to clay particles and humus colloids, and formation of metallic chelates (Ellis and Mellor, 1995) . The adsorption of heavy metals to soil particles occurs more readily than water and in doing so become temporarily trapped. More specifically, heavy metals tend to complex more readily to fine grained soil particles such as silts and clays, as they are negatively charged (Wang et al., 2000) . The presence of clay minerals, which form a small component of soils, are significant in that they also complex readily to heavy metals. The goal of current study was to investigate heavy metal contamination of the Palmiet River.
MATERIAL AND METHODS
The area of this study, the Palmiet river catchment is relatively small and drains an area of approximately 37 km 2 located in KwaZulu Natal, South Africa. The Palmiet River, with a length of 26 km, is a tributary of the Umgeni River and is located some 15 km northwest of Durban (du Preez and de Villiers, 1987; Naidoo, 2005) . The river catchment is mostly urbanised, but also comprises of industries and high to middle income residential areas.
The catchment encompasses the Palmiet Nature Reserve (Figure 1 ) which is the only natural area along the river. An informal settlement, located on Quarry Road (Figure 1 ) is located at the lower reaches of the river. The land activities in these areas play an important role in this study as the runoffs and effluents from these areas impact significantly on the water quality of the river which channels through. The catchment geology in this area according to Malan and de Villiers (1985) is predominantly Natal Group sandstone and Dwyka Group Tillite. The bulk of the soils present in the catchment are derived from the sandstone that has been prone to erosion.
The Palmiet River catchment, despite its relative small size, is subjected to a variety of land activities uses that may potentially impart harmful effects on the quality of water. Hence it is imperative that degree of heavy metal pollution in this river be monitored and controlled within limits. No previous studies on heavy metal concentrations in the riverine sediment of this catchment have been carried out. Thus such an investigation of this area will enable control, management and rehabilitation initiatives to improve and develop this habitat to its once pristine condition. In doing so the aim of this study was focussed on the: i) Determination of heavy metals in the water column and sediments of the Palmiet River. ii) Assessment of the impacts of heavy metals on the health status of the river at specific sampling sites and thus relates contamination and pollution to poor land use and seasonal changes. 
Sampling
Samples were collected at various sites along the river reaches as shown on the map (Figure 1 ). The land use activities are also depicted. The primary data collection consisted of water and sediment samples taken at each site along the Palmiet River. Eight sites were systematically chosen i.e. six sites prior to and beyond each land activity site in the Palmiet catchment. In addition to this, two sites were identified prior to and beyond the Umgeni confluence A comparison of heavy metal concentrations was carried between the summer and winter seasons. Samples were collected in summer and winter during the months of February and May, 2010 respectively. A standard sampling method was used for the collection of water and sediments at each site. Water samples were collected at the midpoint of the river, approximately one quarter of the depth of the river. All water samples were collected and stored in high density plastic containers. In the sampling of sediments, river bed sediments were collected and stored in plastic sealable bags at low temperatures (< 10 o C). Particle size analysis of each sediment sample was conducted using sieving methods (Ellis and Mellor, 1995) . The enrichment factor for each metal in the soil was calculated using the enrichment factor index proposed by Olivares-Rieumont et al., 2005 (1) is used as a normalising element as it is not presumed to be enriched due to local contamination. The normalised value for aluminium was used as a value pre-dating anthropogenic influence in the Umgeni Catchment (10km away from Palmiet catchment) (Leuci, 1998 ). An enrichment factor of less than one (<1) shows no enrichment, while an enrichment factor of greater (>1) is an indication of enrichment by a specific metal in the sediment.
Data Analysis
The Clarke values for metals used in the equations were taken from world averages for trace elements in sedimentary rocks (Kertis and Yudovich, 2009 ). The term "Clarke" has been used to define these average background values as "the average content of given chemical element in the Earth"s crust and also in the hydrosphere" (Kertis and Yudovich, 2009 ). Thus Clarke values are used to describe the natural background of metals in certain rock types. This is important as the natural concentrations of rock can help to distinguish between the natural and anthropogenic inputs of the soil, and to determine whether the soil is contaminated (Woitke et al., 2003) .
A comparison of the amounts of metals found at different sites in both the water and sediment was carried in order to evaluate the impact of particular land activities on the prevalence of metals. In addition to comparing heavy metals sampled during summer and winter, a comparison in relation to the fluvial discharge was also investigated. A statistical evaluation of data highlighting significant differences was made using ANOVA. An analysis of the particle size was carried out to determine the quantity of fine sands, silts and clays. A relationship between the metal concentrations and the particle sizes was also investigated. An enrichment factor of the soil was determined in order to establish whether soils had been metal enriched. In addition the enrichment factor would highlight the impacts of anthropogenic land uses on metals found in sediments. Heavy metals in the Palmiet River was compared to standards set by DWAF (1996) , Australian and New Zealand Water Quality Guidelines (2000).
RESULTS AND DISCUSSIONS
The results of the present study describes and examines the results in this study. This is represented by illustrations in the forms of tables, graphs and figures. The main findings are also explained and interpreted. This chapter is therefore subdivided into two sections: water and sediment.
Concentration of Heavy Metals in Water

Concentrations of Heavy Metals in Summer
The metal concentrations found at each site along the Palmiet River in summer (Table 1) showed that the highest concentrations were those of Calcium (Ca), Magnesium (Mg) and Silicon (Si). Lower concentrations found were for Selenium (Se), Strontium (Sr) and Boron (B). No Arsenic (As) was found at any site along the catchment in this season. Concentrations of each of these metals found in this catchment vary at each site and thus have reason for investigation. Sr  1  42  13990  4465  137  1106  20  2  55  10826  3148  565  5229  21  3  82  13600  4333  170  1052  17  4  17  13943  4349  121  1054  20  5  46  13473  4951  210  1210  25  6  24  13193  4374  202  1034  19 The high levels of Calcium and Magnesium are expected in this area as it could be due to the underlying geology of sedimentary rock, where Calcium is most commonly found (Bell, 1998) . The geology in this catchment consists of Natal Group sandstone and Dwyka Tillite which are sedimentary in nature. Thus it should be evident that the nonvariation of this metal across the sites is due to this as the metal could be leaching from the soil into the river water.
Selenium varies across the catchment, especially at the industrial area (site 2) which displays its highest concentration. This sharp increase is due to the pollution released from this area, as it contains many glass, ceramic and cement manufacturing industries which use this metal abundantly. Following this site is the PNR (site 3 and 4) which has demonstrated its purifying capabilities by the decrease in this element"s concentration (Laraque et al., 2009) . The presence of Selenium is important for plant growth as it is required in photosynthetic pathways. This region is high in vegetative growth especially the PNR.
Silicon"s chief source in nature is sand and sandstone as it is mostly found as quartz, and thus explains the high amounts found throughout the catchment and it is also the main soil type in the PNR. This element also exhibited variation across the catchment in summer, and follows the pattern of Selenium which also increased drastically at the industrial area (site 2) ( Figure 2 ) and was then taken up by the PNR (site 3 and 4), showing an immediate decline in concentration. 
Concentrations of Heavy Metals in winter
The metal concentrations found in each site along the Palmiet River as well as the Umgeni River concentrations in winter (Table 2) showed that the highest concentrations were those of Calcium, Magnesium and Silicon. The lower concentrations were those of Strontium, Arsenic, Selenium and Boron. The winter metal concentrations vary throughout the catchment particularly with certain metals. The general trend of the metals is similar to summer with Calcium (Ca) and Magnesium (Mg) exhibiting high and constant levels, however, in winter Boron (B) spikes at certain sites with high concentrations (Figure 3) . Arsenic is present in winter, with its highest concentration at site 3, the PNR. Silicon and Strontium have also showed non-varying concentrations in winter. The major variations in winter have taken place at sites 2, 3 and 4 with elements such as Arsenic, Boron and Selenium. Sr  1  0  17  13557  5282  35  1543  29  2  0  68  14557  5235  108  1591  34  3  64  0  13923  5289  0  1500  28  4  0  22  14543  5368  0  1335  32  5  38  0  14247  5192  0  1465  29  6  48  0  14717  5406  0  1292 No Arsenic was detected for summer. A diliution may have taken place in the river as rain did occur 3 days before sampling, and this could have diluted the concentrations of Arsenic in summer (Malan and de Villiers, 1985) . This would also explain why levels only appeared in winter with the decreased runoff levels. In winter, the highest levels were found at site 3, 5 and 6. Site 3 is just after the residential area of Westville, and sites 5 and 6 represent before and after the informal settlement. Arsenic is used in glass production, smelter industries in ovens, as well as in nonferrous alloys. It is also used in plumbing pipes, pesticides and insecticides which in residential areas could be used in gardens and can eventually wash into the river. Also there is a major drop in its concentration at site 4, which is after the PNR, demonstrating again the purifying nature of the PNR.
Boron and Selenium both show a drastic increase at site 2. The industrial area of Pinetown located between site 1 and 2 where fibreglass and ceramic manufacturing take place that use Boron and Selenium. Selenium decreased at site 4 in summer and decreased indefinitely in winter after site 3 and this could be due to the purifying capcity of the PNR located between site 3 and 4, thus lowering the concentration of the metal, and the organic matter rich soils immobilising metals in the soils (Laraque et al., 2009) . Boron increased towards the informal settlement at site 5 and 6, which could be due to the dissolution of this metal from the soil.
Seasonal trends of metal concentrations
Seasonally, the elements Calcium, Magnesium, Selenium and Strontium were found to have significant differences. Each of these metals has exhibited specific trends in relation to the rainfall patterns, discharge etc. Calcium and Magnesium have shown significant increase in winter. This could be a result of a concentrating effect in the water resultant of lower rainfall and subsequently discharge. This would occur due to the lack of dilution of the water, as the area would be poorly flushed (Papafilippaki et al., 2008) . However, Selenium and Strontium have displayed the opposite effect. Their concentrations are higher in summer. In summer, high amounts of rainfall increase the runoff in catchments. This can wash the effluents containing high amounts of metals downstream from different sources, as well as across the soil surfaces carrying bound metal contents (Yahaya et al., 2009 ). This can result in high levels of metals in the river water. According to past trends, metal concentrations in the Palmiet River water column have decreased overall. This could be a result of cleaner technologies, better adherence to environmental standards etc.
Strontium concentrations in the Palmiet river water showed a significant difference in its seasonal levels. The winter concentrations were much higher than the summer concentrations across all sites (Figure 4) . This is mostly due to a concentrating effect because of the lower levels of water, due to no rainfall (Malan and de Villiers, 1985) . Due to decreased river velocities in winter, the metals already present from the summer time, as well as metals leaching from the soil into the water, may have remained and concentrated causing higher amounts that would be measured in winter, as fewer metals would be washed downstream (Papafilippaki et al., 2008) . Therefore this may cause higher amounts in winter as seen in this catchment. The variation of Strontium across the sites was not that extreme and only slight differences of a few µg/L were found. However, the highest amounts of Strontium were found in winter at site 2, after the industrial area. This is perhaps due to the industrial activities taking place which have contributed to the levels found in the river water. Another reason could be due to strontium attached to dust and other airborne particles which settle onto the river water surface (ATSDR, 2004) .
Concentrations of Heavy Metals in Soils
Concentrations of Heavy Metals in Summer
The metal concentrations found at each site in the sediment along the Palmiet River in summer varied (Table 3 ). The highest concentrations found were Iron (Fe), Aluminium (Al) and Calcium (Ca) (Figure 5 ). The three highest metals found may be attributed to the geology of the area, as sedimentary rocks dominate this catchment (du Preez and de Villiers, 1987). Calcium is a major cementing agent of sedimentary rock and Aluminium is the most abundant metal in the earths crust, which could explain its presence in this catchment as well as the Umgeni catchement (du Preez and de Villiers, 1987) .
It is evident that certain metals were abundant in the soils of the catchment, and showed variation at specific sites. The general trends exhibited were that most metals had an increase in concentration at site 2, the industrial area. The amount of metal-using industries present are numerous and may have contributed to the increase of metals in the soil. The higher rainfall in summer produces a greater amount of runoff, which allows the industrial waters to reach soils present at site 2 (Malan and de Villiers, 1985) . Such metals as Boron (B), Chromium (Cr), Copper (Cu), Nickel (Ni), Lead (Pb), and Zinc (Zn) have greatly increased at site 2.
At sites 3 and 4, the PNR, the metal concentrations display great variance as most metals tend to decrease at site 4 which is following the nature reserve. Metals such as Copper, Lead, Selenium (Se), Vanadium (V) and Zinc exhibit lower concentrations. This follows the purifying capacity of the PNR, which allows for the uptake of these metals form the soil.
Some metals such as Arsenic (As), Copper, Lead and Titanium have showed a major increase at the end of the catchment (site 6), which could be due to the large amounts of clay particles in the soil which act as a magnet to the metals, adsorbing onto them, thus increasing the metal concentrations in that area (Wang et al., 2000) . 
Concentrations of Heavy Metals in Winter
The winter metal concentrations of the sediment (Table 4) varies at each site along the Palmiet River catchment. The highest concentrations found were Iron, Aluminium and Calcium respectively (Figure 6 ) which were the same as summer. However the general concentrations of the metals were found to be much higher than summer due to concentrating effects in winter as a result of lower rainfall and subsequently river flow (Papafilippaki et al., 2008) . Specific sites have shown some variation in regards to the metal concentrations. Site 2, the industrial area, has similar to summer, exhibited increases in metal concentrations such as Arsenic, Boron, Chromium, Molybdenum, Nickel and Lead. This is due to the Pinetown industries which have supplemented the metal concentrations in the soil. Also, the similar trend of the cleaning properties of the PNR (site 4) has also been exhibited in winter as decreases in metal concentrations such as Barium (Ba), Nickel and Selenium has occurred. Site 6 has found increased metal concentrations of Chromium, Nickel and Lead which could be due to the high clay content in the soil in that area (Wild, 1993) . 
Seasonal Trends of Metal Concentrations
The concentrations of metals in the sediment had no significant differences in summer and winter. Seasonally the trends of the metal concentrations were similar, in respect to the variation of the concentrations at specific sites. Lower rainfall and runoff may have played a small role in providing a concentrating effect of the metals in winter. In both seasons, the mean concentrations of metals in sediments showed that Iron, Aluminium and Calcium were the highest concentrations found. However, the levels found in winter are higher than those found in summer, especially for Iron. It is possible for Iron to occur in bands in sedimentary rock which could be a natural origin accounting for the high concentrations found in this catchment, however an anthropogenic source must be considered as well.
Seasonal Comparison of Iron
Iron was the highest metal concentration found in the sediment. Its seasonal changes in concentrations are clearly identified and display a similar trend in both seasons (Figure 7) . Concentrations of this metal is higher in winter than summer. The site variation of this metal may be attributed to certain land uses present in this catchment. The higher levels found at site 1 may be due to the release of metals from the wetlands of the upper catchment; and site 2 which is downstream of the industrial area could have impacted on the concentrations of Iron in the sediment due to many industrial activities. The lower concentrations at sites 3, 4 and 5 may be due to the presence of the residential area and the purifying capacity of the Palmiet Nature Reserve. The high rise of concentrations again at site 6 may be attributed to the metal building materials used, such as rooves, in the informal settlement.
This element is of interest as in the past, this metal along with many other elements were found in high concentrations in the river water (du Preez and de Villiers, 1987) but in this present study, Iron was not found at all in the water of the Palmiet River. This element is found in very high concentrations in both seasons in the sediment in this study. The floods that occured in the past in this catchment mobilised many of the metals in the soils into the river water, however, a flood has not occured in the Palmiet catchment for many years (Hunter, 2007) , which could attribute to the lack of metals found in the river water. In this present study, no Iron was found in the river water, but very high concentrations were found in the soils. This could be due to the presence of fine sands and silts and clays along this catchment, in which the Iron concentrations have readily adsorbed onto. It must be noted that the high Iron concentrations and the location of the fines may have a relationship as their pattern of high concentrations and high fines correlate in both seasons. Therefore, an anthropogenic source of Iron could be attributed to the high concentrations, as well as the geology of the area being a natural source. 
Seasonal comparison of particle sizes
The soil fractions at each site in summer represent the percentage of each particle size group in the sediment (Figure 8 ). In summer, it can be seen that the highest amount found was coarse sand, which is especially high in sites 4 and 5 (after the PNR an before the informal settlement). Medium sand was highest at site 6 which is after the informal settlement. The fine sands were highest at sites 2 and 6 (after the industrial area and after the informal settlement), with very little found at sites 4 and 5. The most important fraction of the soil is the silts and clays, as these attract the most metals (Sakai et al., 1986) . This fraction was highest at sites 1 (4.38%), 2 (4.47%) and 6 (4%), which is before and after the industrial area, as well as after the informal settlement; with also the least amounts found at sites 4 and 5. Before the confluence the Umgeni river had a very high percentage of silts and clays (26.93%) and dropped after the confluence to 0.18 %. This could be due to the increase in the velocity of the river after the confluence in the rainy season, and the upliftment of fine particles by the river (White, 2007) . The amount of sand, silt and clay in the soil plays an important role in the adsorption of metals (Wang et al., 2000) . There is clearly a fining of sediments in the downstream direction with increasing amounts of fine sand, clays and silts. This is more evident in winter than in summer as higher summer discharges move more coarse material through the river system, giving rise to a more unsorted distribution in the middle reaches of the catchment. In winter, with lower discharges, coarse material readily settles out in the upper and middle reaches of the catchment whilst fines are transported greater distances downstream.
The discharge and flow velocity of the Palmiet River influences the erosion and removal of fines after the Umgeni confluence in summer. In winter, the soil fractions of each site along the Palmiet catchment (Figure 9 ) is quite different to that of summer. In this season, the overall amounts of all the fractions have increased, which could mean an increased rate of sediment deposition or a decreased amount of volume of the river water, exposing the underlying river sediment (Papafilippaki et al., 2008) . It can be seen that the amount of coarse sand is higher at sites 2 and 4, which is after the industrial area and after the PNR. Medium sand in highest at sites 5 and 6 and fine sands are highest in sites 1 and 6 in the Palmiet catchment. However, the Umgeni catchment had a very high percentage of fine sands before and after the confluence. The silts and clays fraction has also increased in this study with a high of 9.45% found at site 1 of the catchment compared to the 4.38% found at this same site in summer. The silts and clays found before and after the confluence had also changed, with an increase in silts and clays after the confluence (26.53%). This could be due to the lowered velocity of the river in winter, and thus the increase in settling of fine particles; as well as that tributaries have more sandy particles and main rivers contain more finer particles due to the transport distance and processes (Unde and Dhakal, 2009 ). The lower winter flows, both in the Palmiet and Umgeni River encourages deposition and accumulation of fine sediment after the Umgeni confluence.
Enrichment Factor of Metals in Soils
The Clarke and seasonal enrichment factors for every metal found in the sediment (Table 5) , only show one metal which is enriched in the soil, Selenium. Selenium was found to be the only metal enriched in both summer and winter in the soil. This enrichment factor means that this metal is in very high quantities in the sediment, in which case there is another source beside its natural origin that is affecting its concentrations. In the sediment at each site Selenium values are relatively high, especially after the industrial area (site 2) in summer and after the residential area/ before the PNR (site 3) in winter.
Overall in this catchment, the general trends for water and soil have both been impacted and influenced by the other. Water and soil interactions in this catchment can be seen with the varying water and soil metal concentrations. Seasonally, there is also a trend with winter resulting in higher metal concentrations throughout the catchment. There is no specific trend of the metal concentrations in the downstream direction, but rather a variable pattern in which the actual land uses and natural sources of the metals play a role in determining the concentrations of metals in both the river and sediment. The amount of water flowing through the river, i.e. in the different seasons, as well as the adsorptive capacities of the sediments also influence the transport of the metals downstream, as greater amounts of water and sandy soils would allow for maximum movement of the metals downstream. Thus water and soil characteristics have exhibited specific trends in terms of the transport and concentrations of metals in this catchment. 
CONCLUSION
The Palmiet catchment, although small, has impacted negatively and positively on the quality of the river water. The major contributing source to metal pollution of the river has been the industrial area mainly due to its metal inclusive activities. Other land activities have also played a crucial role in either sustaining or decreasing metal concentrations such as the Palmiet Nature Reserve, which has shown generally positive effects on the concentrations of the metals in the water, acting as a filter in the catchment with its dense vegetation. The residential areas, both urban and informal have not shown a great influence on the concentrations of metals in the catchment.
Seasonally, summer did exhibit a stronger influence on the transport of metals downstream than winter. The seasons play a fundamental part in the concentrations of metals found in the river, as in winter, with lower rainfall, higher concentrations were seen.
The concentrations of metals in sediments were higher beyond the industrial area than other sites, and hence can be seen as the main contributor of heavy metals in this catchment. Selenium being the only metal enriched in the soil is an indication that its levels are higher than those that naturally found.
The main sources of these contaminant metals need to be identified so as to restrict and eliminate high levels of heavy metals that are causing a decline in the state of the river system. Finally, stricter standards and protocols should be followed to ensure the sustainability of a pristine river and soil system.
